) . DBS is nonspecific for cell type, and therefore might cause abnormal dynamics within neural networks, as is the case with pharmacological and magnetic interventions in the clinic, and with less commonly used optical strategies in animals that target all neurons indiscriminately 11, 12 . But knowledge gained from standard cell-type-specific optogenetics already has clinical value for DBS -for instance, cell-type-nonspecific neurostimulation in people addicted to cocaine can be targeted to a particular brain region thanks to optogenetic experiments, reducing drug use 13, 14 . Moreover, insights from optogenetics have enabled the tuning of cell-type-nonspecific electrical stimulation to generate neuronal activity features involved in memory 15 . Finally, the technique has provided insight into how localized interventions can elicit brain-wide activity states that modulate behaviour -natural events are known to cause altered activity in brain-wide networks, and an optogenetic study similarly demonstrated that moderately increased excitability of a cell type in the prefrontal region of the rat brain resulted in tuning of reward-related behavioural preferences, owing to specific alterations in the activity relationships across brain-wide networks 16 . Thus, Jacobs and colleagues' study pushes the field forward by highlighting the need to study fundamentals of brain dynamics. The epidemiology of memory-related diseases suggests that our world will bear a higher burden from memory loss than Pliny's (notwithstanding his account of memory loss due to brain trauma and illness 1 M embrane-bound cellular organelles such as peroxisomes, mitochondria and the endoplasmic reticulum (ER) have protein machineries that allow selective protein import and organelle proliferation. These organelles arise by the growth and division of pre-existing organelles 1 , but peroxisomes can also arise de novo in cells that lack peroxisomes 2 . Understanding the mechanism of de novo peroxisome formation will refine our understanding of organelle regulation, and could shed light on the evolutionary origin of peroxisomes. On page 251, Sugiura et al. 3 report that vesicles derived from both mitochondria and the ER are involved in de novo peroxisome formation in human cells.
Defects in peroxisome assembly were first observed in people with Zellweger spectrum disorders 4 , which are characterized by severe neuronal abnormalities, developmental delay and early death 5 . Cells from most people with Zellweger spectrum disorders contain peroxisomes that have a normal set of peroxisomalmembrane proteins (PMPs), but lack all peroxisomal functions because the organelles cannot import peroxisomal enzymes from the cytoplasm 6 . By contrast, a rare subset of people with Zellweger spectrum disorders lack peroxisomes entirely, and their PMPs are rapidly destroyed or mislocalized to other organelles, such as the mitochondrion and ER (refs 6, 7) . These people have mutations in the genes PEX3, PEX16 or PEX19, which are all required for the insertion of PMPs into the peroxisome membrane 6 . The PEX19 protein binds newly made PMPs in the cytoplasm 7 , and PEX3 recruits these PEX19-PMP complexes to the peroxisome membrane, resulting in PMP insertion into the membrane 8 . PEX16 is thought to aid PEX3 insertion into the membrane 9 . In PEX3-, PEX16-or PEX19-deficient cells, the inability of newly synthesized PMPs to be inserted into the peroxisomal membrane prevents the subsequent import of enzymes and metabolites. This ultimately leads to the loss of these non-functional peroxisomes from the cell through several mechanisms.
De novo peroxisome formation can be initiated by introducing a functional copy of one of the three genes required for PMP insertion into cells lacking the corresponding gene 2 . Sugiura et al. monitored the effect of re-expressing PEX3 in PEX3-deficient cells obtained from a person with Zellweger syndrome. Using high-resolution microscopy, they observed that PEX3 appeared first in the mitochondrial outer membrane, which also contains PEX14 and certain other PMPs. PEX3 and PEX14 accumulated together at the same location on the mitochondrial membrane and then budded from the mitochondria in small vesicles. This same research group had previously identified 10 various mitochondrially derived vesicles that have distinctive contents and intracellular destinations.
Sugiura and colleagues also observed that PEX3 and PEX14 seem to hijack a mitochondrial vesicle-budding pathway to exit the mitochondrion and generate immature peroxisomal precursors termed pre-peroxisomes. They also used a cell-fusion strategy to show that mitochondrially derived PEX3-containing vesicles fuse with ER-derived, PEX16-containing vesicles during the process that generates pre-peroxisomes. The Another challenge will be to understand the differences between de novo peroxisome formation in mammalian cells and that in uni cellular organisms such as yeast. For example, the mammalian process requires PEX16, but the yeast Saccharomyces cere visiae lacks a PEX16 gene. Another difference is that, during the formation of pre-peroxisomes in S. cerevisiae and other yeast species, Pex3 seems to transit through the ER, rather than through mitochondria as it does in mammals 2, 16 . Sugiura and colleagues' work has opened a new door in the study of de novo peroxisome formation, and even more exciting discoveries may lie ahead. ■ pre-peroxisomes mature into functional peroxisomes through the subsequent uptake of other PMPs and peroxisomal enzymes from the cytoplasm. The organelle eventually becomes able to multiply by growth and division (Fig. 1) .
CELL BIOLOGY

Organelle formation from scratch
Cellular organelles called peroxisomes aid metabolism, and defective peroxisome formation can cause disease. It emerges that peroxisomes can form de novo from the fusion of vesicles derived from two distinct organelle types. See Letter p.251 10. Riva-Posse, P. et al. Biol. Psychiatry 76, 963-969 (2014
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The authors' findings fit into the broader story in which vesicles that bud from organelles are not restricted solely to transport pathways in the secretory and endocytic systems that respectively enable the release and uptake of extra cellular material. Cells of all types can bud vesicles from their cell surface 11 . Perhaps the mitochondrially derived vesicles involved in peroxisome formation are evolutionarily related to the vesicles that bud from the surface of bacterial cells 12, 13 , given that mitochondria are thought to have evolved from a bacterium internalized within a cell. There are also several pathways for vesicle budding from the ER 14 . Early in the evolution of eukaryotes (the class of organism that comprises protozoans, fungi, plants and animals), the fusion of vesicles derived from mitochondria and the ER might have set the stage for the evolution of peroxisomes. If this is the case, peroxisomes would have evolved after mitochondria.
The identification of a mitochondrial role in de novo peroxisome formation provides a major advance for the field. However, many questions remain. One challenge will be to make sense of the high speed at which PEX3, PEX16 and other PMPs are imported into peroxisomes. This occurs within minutes, compared with the extremely slow rate of de novo peroxisome formation, which occurs over days 15 . In our opinion, this makes it unlikely that the de novo pathway will operate in cells that contain peroxisomes, because these cells will rapidly insert PMPs directly into peroxisomes, rather than mislocalize them to the mitochondria or ER, which is a prerequisite for the de novo pathway of peroxisome formation. 3 have identified the early steps of de novo peroxisome formation. The authors observed that organelle-derived membrane vesicles from the endoplasmic reticulum (ER) fuse with mitochondrially derived vesicles to form a precursor immature peroxisome termed a pre-peroxisome. The pre-peroxisome matures into a fully functional peroxisome by the acquisition of other components, including peroxisomal membrane proteins (PMPs) and enzymes. These newly formed peroxisomes replicate by growth and division.
ASTRONOMY
Intermediate-mass black hole found
The existence of medium-sized black holes has long been debated. Such an object has now been discovered in the centre of a dense cluster of stars, potentially enhancing our understanding of all black holes. See Letter p.203
ust as for presidential inauguration crowds, size matters for black holes. There is no doubt that black holes exist that have masses of between a few times and several tens of times that of the Sun. Such stellar-mass black holes form at the end of a massive star's life. And few question the presence of super massive black holes, which are about 10 5 to 10 10 times more massive than the Sun. What has long been wondered, however, is whether any black holes exist between these two extremes. On page 203, Kızıltan et al. 1 report evidence of such an intermediate-mass black hole (IMBH). As predicted by several theories 2, 3 , this object was found in a globular cluster -an ancient, dense, gravitationally bound ball of stars.
The hunt for IMBHs has been fraught with ambiguity, unsatisfying upper limits and surprising evidential reveals. In 2005, kinematic modelling of the globular cluster Mayall II in the neighbouring Andromeda galaxy indicated 4 that it contains an IMBH, but alternative evolutionary dynamical modelling has shown that the data can be explained without such
